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WILKINS'S CAREER
John Wilkins was a scholarly and effective statesman of both scientific and religious policy during the Commonwealth and Restoration period. He took the lead in the institution of a Solomon's house for the promotion of experimen tal science and its applications, as envisaged by Francis Bacon (1561 -1625 in his New Atlantis. In a social order where many educated men still credited the became less congenial with the domination of the Puritan Independents. In 1659 he was intruded as master of Trinity College, Cambridge, where the latitudinarian movement was stronger. His influence at Cambridge, although significant, was short-lived, and he was deprived of his position at the Resto ration, like his friend, John Tillotson (1630-94) , who became the first of the latitudinarian archbishops of Canterbury.
After the Cambridge year, Wilkins enjoyed the tenure of several ecclesiasti cal posts in London. He was elected chairman of the scientific meetings at Gresham College, now substantially augmented when in November 1660 a 'College for the promotion of Physico-Mathematical Experimental Learning' was formally proposed. Wilkins presided over meetings until 1662, when the institution became incorporated as the Royal Society of London. Over the next five years, he supervised the production of an account of the aims and objectives of the institution, The history o f the Royal Society o f London (1667), by Thomas Sprat (1635-1713), one of his former students at Wadham.
His next project, An essay towards a real , and a philosophical language, published by the Royal Society in 1668, was a pioneer work on linguistics, in which Wilkins discussed the origin and the divergence of human languages, and the defects of their alphabetic representation. These defects would be eliminated and communication across the barriers of the vernacular languages restored, Wilkins supposed, by the global adoption of a general symbolic notation, like the Chinese ideograms used by the different language groups in the Orient, or the technical symbols employed by mathematicians. Wilkins devised such a notation, his 'real character', which was linked to a general classification of the organic and the inorganic entities in the natural world, and of the abstract concepts current in human discourse. He was still preoccupied with the universal language when he died in 1672. With scientific detachment, Wilkins is reported to have said on his deathbed that 'he was prepared for the great Experiment'.4 In later years Wilkins's wager-argument was much quoted: if there be no God, it behoves us to live as though there were, for then we enjoy at least the benefits of virtuous living, whereas if God exists we stand to gain everlasting reward'.5
The last work of Wilkins, O f the principles and duties o f natural religion, was published by John Tillotson in 1675.1 call that ' ', Wilkins wrote, 'which men might know, and should be obliged unto, by the mere Principles of Reason, improved by Consideration and Experience, without the help of Revelation'.6 Reason leads to the infallible certainties of mathematical dem onstration, the indubitable certainties of physical sense-experience, and the moral certainties of the consensus attained by unprejudiced minds, in contrast to the mere probability of minority opinion. The attributes of the Deity are illustrated by the wondrous design of natural things and a wise government of the world. The duties of natural religion rest upon generally received moral living, which is conducive, not only to spiritual well-being, but also to bodily health and worldly riches.
Wilkins's Natural religion set the stage for a succession of physico-theological works, which followed up his earlier promotion of Copernicanism and the plurality of inhabited worlds (1638-40), and his naturalistic treatment of the miraculous, exemplified by the logistic analysis of Noah's Ark as a floating zoo in his 1668 Essay: Beginning with The sacred history o f the Earth (1681), by the Cambridge latitudinarian Thomas Burnet (1635-1715), these physico-theologi cal works presented a biblically based heliocentric cosmology, displaying the magnificence of the Creation and its utility to humankind, with a minimum of the miraculous, but often with a millenarian touch.8
The late-17th-century mechanistic theologies rested on foundations laid in the previous century, when the structural forms and control mechanisms of the old geocentric world system were assailed in an uncoordinated fashion on separate theological and scientific fronts. Expressed in different ways, the critiques by the Protestant reformers and the men of the scientific revolution had a common form on issues of mutual concern. The detailed isomorphism was rarely perceived or acknowledged: the correspondences were mapped mostly in general terms by secondary commentators. The Elizabethan physician and M.P., Richard Bostocke ( f l .1580s), saw the innovation Calvin), medicine (Paracelsus), and astronomy (Copernicus), as parts of a single comprehensive renovation; and Thomas Sprat argued for a natural affinity between the Church of England and the Royal Society, which 'may lay equal claim to the word Reformation; the one having compassed it in Religion, the other purposing it in philosophy'.2
M e d i a e v a l c o s m o l o g y
The Protestant reformers and natural philosophers of the 16th century confronted a world-view founded at a fundamental level on the concept of ordered hierarchy, embedded in the structural organization and the executive government of the cosmos. The concept was rooted in the notion, inherited from antiquity and elaborated throughout the Middle Ages, that the Universe consists of a graded and interlinked chain of created beings, stretching down from the Deity in the empyrean heaven at the periphery of the world, through the hierarchies of angelic intelligences populating the celestial spheres, to the ranks of humankind, animals, plants and minerals of the central terrestrial sphere. Government operated through the delegation of power. Each entity in the great chain supervised and commanded the activities of the beings below and served the will and purposes of those above. daily inert matter by pneuma-like qualities, spirituous forms, and intelligences or souls. The four terrestrial elements were distinguished and ranked by the particular combination of paired qualities entering into their composition. Bodies composed of one or more of the four terrestrial elements were naturally susceptible only to rectilinear motion, with a beginning and an end like all mundane phenomena, whereas the higher-ranked fifth element of the celestial spheres moved in nature with the unending perfection of uniform circular motion. Above the celestial spheres lay the realm of immaterial intelligences, the empyrean heaven, taken (during the fourth century) to be separated off from all the material spheres below by the 'waters above the firmament' (Genesis 1:7): by the late Middle Ages, the supracelestial waters had become a solid boundary shell, the crystalline sphere.1
The concept of a three-tier Universe reflecting the Trinity of the Godhead was pre-Christian. According to Aristotle, the idea had a Pythagorean origin, although it is found in ancient Egyptian theology and Mesopotamian cosmo logy.11 In his unique use of the term 'laws of nature', Aristotle tells us that, 'as the Pythagoreans say, the world and all that is in it, is determined by the number three, since beginning and middle and end give the number o f ... a triad. And so, having taken these three from nature as (so to speak) laws of it, we make further use of the number three in the worship of the gods.'12
Triads dominated the classification of the spirit-components of the cosmic hierarchy: tetrads were confined to the mundane (four elements, four humours, four winds). Pseudo-Dionysius, a 5th century Neoplatonist, arranged the angelic beings mentioned in the Scriptures into a hierarchy of nine orders, grouped into three triads, by means of which he rationalized the ecclesiastical hierarchy of the church on Earth as a continuation of the chain of cosmic government.13 The integration of Christian theology with Aristotelian natural philosophy in the 13th century led to the identification of the Dionysian nine orders of angelic beings with the Aristotelian intelligences serving as the motors of the spherical shells containing the Moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn, the sphere of the fixed stars, and the primum mobile beyond.14 The motor of each shell commanded the activities of the lower ranks beneath. Thus the daily rotation of the sphere of the fixed stars was impressed upon motions of each spherical shell containing one of the seven planets. Each planetary shell in addition had its own proper motion which, in principle, was transmitted downwards.
It was the second tier of the cosmos that underwent the most profound transformation during the early modern period. The angelic intelligences were eliminated from the celestial spheres by the natural philosophers, and from the Universe at large by the Reformers. The loss of the hosts of ranked spirit-retainers led to a transmorphism in perceptions of the Deity, from the cosmological analogue of a mediaeval pope to that of an absolute monarch of the Universe. The abandonment of the old generalized body-spirit model in the physical sciences (chemistry excepted) early in the 17th century, and the success of the new mechanical interpretative procedure, produced a new image by the end of the century, that of God as the constitutional ruler of an infinite Universe, whose intervention in the affairs of the well-crafted world machine was rarely needed: such was the Deity of the natural religion pioneered by John Wilkins and elaborated by his numerous successors.
TH E PANTHEISTS
The reformers who attempted to unify all three of the main tiers of the mediaeval cosmos drew upon a background populist tradition, derived from the Greek polis and the Roman republic, expressed in the legal adage, 'what touches all must be approved by all'. The tradition has been termed the 'ascending' principle of government, in contrast to the dominant 'descending' principle of hierarchical authority in mediaeval philosophy.15 At times of crisis, the populist principle became prominent, and the tradition found an expression not only in social policy but also, on occasion, in cosmological theory.
Before the Reformation, such a crisis came with the Great Schism of the Papacy (1378-1417), during which two, and then three, rival popes struggled for supremacy, effectively undermining the descending principle of hierarchical authority. At the Council of Constance (1414-18), which ended the Schism, the development of a representative church government on a European scale was projected, with the pope as constitutional head and subject to the church council.
While serving as a representative at the Council of Basle (1431-45), Nicolas of Cusa ( c a. 1401-64) wrote a treatise on the conciliar theory in 1432, expressing the populist view that all power 'arises from a common concord of the subjects', with the consequence that the 'universal council is simply above the pope'.16 During the protracted discussion of conciliar policy at the Council, Cusanus produced in 1440 his remarkable cosmological treatise O f learned ignorance, in which his general principle of 'the coincidence of opposites' was applied systematically to the structure and functioning of the Universe.
The principle led Cusanus to the conclusion that the cosmos has no central government, for the centre and the circumference are indistinguishable at infinity, and all finite bodies must be equivalent. Thus the celestial bodies are composed of the same four elements as the Earth, and they are populated with a similar diversity of inhabitants, who undergo the mundane processes of generation and decay. The Earth, with no less perfection than the heavens, moves relative to other bodies in the Universe, like a boatman who sees the river banks recede as he progresses over the water. All finite created beings are of God and in God, who occupies everywhere eternally in infinite space. The pantheism and egalitarian Universe of Cusanus were essentially extensions of his populist social theory, adding weight to his conciliar arguments through the additional cosmological content. The failure of the conciliar movement hastened the more profound crisis of the Protestant reformation. Negotiations with the Hussites had been urged by Cusanus at the Council of Basle, but to no avail.
A century later, the pantheist physician, Michael Servetus (1511-53), derived the theory of the circulation of the blood, from the right to the left ventricle of the heart through the lungs, from anatomical studies illuminated by the insights of his Unitarianism. When a student in Spain, Servetus found no support for the Trinitarian doctrine in the Scriptures, and published On the errors o f the Trinity (1531) before taking up the study of medicine in Paris. He became a notable anatomist in Paris, where he wrote two medical works, and then became an editor and physician in the Lyons region.
His denial of the Trinity led Servetus to reject the triadic hierarchy of physiological functions in the human body, medically orthodox from the time of Galen (130 -ca. 200). The functions of nutrition, muscular activity, and sensation, according to Galen, were mediated by individual fluids ebbing and flowing in their particular vessel-systems, the veins, arteries, and nerves, im pelled by three distinct spirit-motors. Thomas Aquinas {ca. 1225-74) regarded the three spirits or souls of man as an image of the Trinity: 'in man the sensitive soul, the intellectual soul, and the nutritive soul are numerically one soul '.18 Servetus, in his Restoration o f Christianity (1553), devoted some five pages to the anatomy and theology of the blood circulation.19 Galen had held that the dark venous blood, originating from the liver, crossed the middle wall of the heart, the septum, from the right to the left ventricle, for elaboration into bright red arterial blood. The septum lacks vessels for the transmission of fluids, Servetus noted, and thus there is no flow 'through the middle wall of the heart, as is commonly believed, but by a very ingenious arrangement the subtle blood is urged forward by a long course through the lungs . The colour change of the blood from dark to bright red occurs, not in the heart, as Galen supposed, but in the lungs, through the act of respiration.
Servetus held that Christ was only one of a line of prophets, and that the Holy Ghost was simply the undivided Divine spirit pervading the atmosphere, and indeed the whole Universe. Similarly the three spirit-motors of Galenical human physiology are but one, the unique divine Spirit in the blood; for the soul itself is the blood, as the Scriptures teach.20 In the act of respiration, the soul is constantly replenished by the Divine breath in the air and communicates directly with the Deity. Subsequent pantheist theologians, notably Giordano Bruno (1548-1600), took up the doctrines of the circulation of the blood, and the plurality of inhabited worlds in the Universe, in an endeavour to unify all three tiers of the traditional cosmology. Such ventures had but a minor contemporary influence, compared to that of the movements promoting the merging of the lower two tiers into a unified physical world, retaining the third tier as a separate spiritual world of gradually declining mundane relevance.
TH E CALVINIST TRADITION
During the 17th century, the centres of scientific activity shifted from Catholic Italy and Lutheran Germany to Holland, Britain and France, where the evolving Calvinist tradition continuously outgrew the theocratic absolutism of its founder. In his Institutes (1536), John Calvin (1509-64) regarded the Catholic hierarchy of church government, itself illicit, as wholly unsupported by any celestial hierarchy. On reading the works of 'Dionysius you would think that the man had come down from heaven, and was relating... what he had actually seen ... everyone must see that they are merely idle talk '.22 From his survey of the Scriptures, Calvin concluded that the angelic intel ligences play but a minor role in the government of the cosmos: 'Whenever He pleases, He passes them by and performs his own work by a single nod; so far are they from relieving him of any difficulty'.22 In the Creation, 'to ascribe the least portion of a work so exquisite to angels, is a sacrilege to be held in abhorrence '.23 A century later, John Wilkins took up the theme in his criticism of the geocentric scholastic cosmology: 'the employing of angels in these motions of the world, is both superfluous, and very improbable ... since it were then a needless thing for providence to have appointed angels unto this business, which might have been done as well by the only will of God'.24
Like other Reformers, Calvin restored to God a direct power over the Universe, free from the celestial and terrestrial intermediaries felt to be so necessary at earlier times. All intercessionary cults, of the saints, of the Virgin Mary, were condemned as idolatrous, for they detracted from God's single and absolute sovereignty: 'We hold that God is the disposer and ruler of all things -that from the remotest eternity according to His own wisdom, He decreed what He was to do, and now by His power executes what he has decreed'.
Calvin himself felt that the divinely predestined course of events must remain inscrutable to man in his fallen state. Some of his successors felt that man's postlapsarian faculties remained competent to discover, through reason and experience, the rules and regularities of ordinary providence, expressing God's ordained power, agreed by covenant with humankind. God's absolute power, expressed in the extraordinary providence of the miraculous, was generally accepted, but not with the extravagance of the mediaeval claims that God could reverse the course of past history, deleting the foundation of Rome, or restoring lost virginity.26
In his speech to Parliament in 1610, James I insisted that kings, as God's lieutenants on Earth, enjoy absolute temporal power: 'God hath power to create or destroy, make or unmake, at his pleasure ... And the like power have kings.' But progress had been made since Old Testament times when God 'spake by oracles and wrought by miracles', for with the foundation of Chris tianity, 'then there was a cessation of both'. In the same way, the arbitrary rule of kings had been replaced by government through laws, made 'at the rogation of the people, the King's grant being obtained thereunto'. So now it was that 'every just king in a settled kingdom is bound to observe that paction made to his people by his laws in framing his government agreeable thereunto, accord ing to that paction which God made with Noah after the Deluge'.27
The late Tudor and early Stuart Cambridge Puritans, like their Dutch colleagues, developed a covenant theology in which it was emphasized that God had entered into a contract with humankind by mutual agreement, as in the paction with Noah, to provide a natural law that ensured the regular and orderly succession of the generations and of the seasons, of seed-time and harvest. John Preston (1587-1628), the master of Emmanuel College and chaplain to Charles I at the time of his accession (1625), affirmed in his New covenant that, although God is the glorious Creator and we are but his creatures, 'yet He is willing to enter into Covenant, which implies a kind of equality between us'. And God is bound by the contract, 'He cannot chuse; for it is part of his Covenant'. Thus it is that, 'God alters no law of nature', and the world has attained autonomy for, 'He causeth the Creature to goe on of itself, to this or that purpose, to this or that end'.28 It is not everyday events that the Deity governs, but the original causes of events predetermined long ago.
In The Netherlands, Hugo Grotius (1583-1645) endeavoured to reconstruct natural law rationally, by demonstration, and thereby separate the law from theology. Even if God did not exist, Grotius declared in 1625, natural law would remain valid, for it is immune to contradiction: 'Measureless as is the power of God, nevertheless it can be said that there are certain things over which that power does not extend ... just as even God cannot cause that two times two should not equal four, so he cannot cause that which is intrinsically evil be not evil ' 29 From his Dutch haven, Rene Descartes (1596-1650) insisted that God could well decree that twice two should not equal four, and that God's continuous consent was essential to the maintenance of the mechanical machina governed by the laws of nature imposed at the creation. The voluntarism of Descartes was somewhat undermined, however, by his propensity to explain i n Old Testament miracles in terms of ingenious mechanical tricks.
It was a common Protestant perception that miracles had ceased with the foundation of the Christian church, but the Old Testament miracles were generally taken as genuine until the mid-17th century. Many of the remarkable events recorded in the Bible are open to a perfectly natural explanation, John Wilkins wrote in 1638, 'wherefore to fly unto a miracle for such things, were a great injury to nature, and to derogate from her skill'. The very notion was but an inept evasion: 'a miracle often serves for the receptacle of a lazy ignorance; which any industrious spirit would be ashamed of; it being but an idle way to shift off the labour of further search'.31 His calculations on the accommodation n of the animal kingdom in Noah's Ark were soon followed by a variety of naturalistic accounts of Noah's flood.8
TH E NEW WORLD-SYSTEMS
The conciliar theory of church government discussed at the Councils of Constance and Basle derived from a group of scholars associated with the University of Paris, who based their theory on the writings of William of Ockham (ca. 1285-1349) and like-minded contemporaries. Ockham was critical of the worldly papal imperialism with its hierarchical power-structure, and he advocated church government through the general council. The council must be representative, extending beyond the clergy to include laymen, even women.32
Fourteenth-century natural philosophers at the University of Paris extended Ockham's approach to the hierarchy of the celestial spheres. John Buridan (ca. 1297 Buridan (ca. -1358 , reviving the doctrine of impetus, pointed out that the hierarchy of intelligences moving the celestial spheres could be eliminated if it were assumed that each heavenly body and its orb were given the appropriate impetus at the creation. In the heavens there would be no resistance to corrupt the impetus, and so the rotation of the celestial shells, with the bodies contained, would persist indefinitely.
As to the heavenly bodies themselves, the Sun appeared to be the most noble. There are three planets above the Sun -Mars, Jupiter and Saturn -and three celestial bodies below, so that the Sun resembled a king in the middle of his kingdom. Buridan's disciple, Nicole Oresme 1320-82), insisted that the Sun is 'the most noble body in the heavens'.33 Like Buridan, Oresme applied the impetus hypothesis to the diurnal rotation of the Earth. He held that no evidence or demonstration could distinguish between the traditional geostatic view and the hypothesis that the Earth spins on its axis once each day against a stationary background of fixed stars. But Oresme concluded by accepting the geostatic view, just as Buridan accepted the ascending order of celestial perfections, as matters of doctrine and faith.34
Nicolaus Copernicus (1473-1543) paid little heed to the ranking of theology above natural philosophy, or of celestial physics above mathematical astron omy. Copernicus took the rotation of a sphere around its centre, or of a spherical shell of matter, to be a natural intrinsic property, persisting indefi nitely without any motor. In this respect the classical geometric account of the motions of the heavenly bodies appeared to be deficient, for Claudius Ptolemy (ca. 90-168) had taken motions to be uniform with respect to a point, the equant, displaced from the centre of a circular orbit. The equant was a successful device, however, and the ultimate heliocentric scheme of Copernicus 'saved the appearances' of planetary positions little better than the Ptolemaic system. It sufficed for Copernicus that he could account for the positions just as well as Ptolemy, for his prime concern was the coherent rationalization of long-known observations, previously incomprehensible.
By assigning to the Earth a daily spin and an annual motion round the Sun, Copernicus was able to explain why it was that the planets necessarily have stations and retrogressions, and show an annual component in their motions, reflecting the Earth's orbit round the Sun. There were no good reasons, in the Ptolemaic system, why the planets should occasionally proceed backwards along their tracks, or follow the Sun's annual motion round the Earth, or why the inferior planets are never observed far from the Sun. With heliocentric orbits, Mercury and Venus were necessarily observed from the Earth to be close to the Sun.
A major achievement of the heliocentric hypothesis, impossible for the Ptolemaic scheme, was the calculation by Copernicus of the separation of each planet from the Sun, in the common unit of the Earth-Sun distance: thereby he was able to show that the orbital period of a planet became larger with an increase in the distance of the planet from the Sun. The relation was made quantitive by Johannes Kepler (1571-1630) in his third law (1619), that the squares of the periods of the planets are proportional to the cubes of their mean distances from the Sun.
Initially the celestial physics of Copernicus attracted less attention than his new computational methods, which were first taken up at the Lutheran Univer sity of Wittenberg, then elsewhere in northern Europe 35 Attempts to retain the Copernican achievements in a geostatic frame came to success (1588) with the world system of Tycho Brahe (1546 Brahe ( -1601 , in which the Sun, surrounded by the five planets in circular orbits, moved round the stationary Earth every day and once each year. The objection that the orbs of Mars and the Sun intersected in the Tychonian scheme lost all validity after Brahe had tracked the motion of the 1577 comet across the night sky to show that the comet's path cut across the supposed material spherical shells containing the planets.
Finally, Kepler established in 1609 that, in the heliostatic frame, the orbit of each planet is elliptical with the Sun in one focus, and that the line joining the planet to the Sun sweeps out equal areas in equal time. The success of the equant device, he showed, had arisen from the simulation of the occupied and empty foci of an elliptical orbit by the displaced central body and void equant point of an eccentric circular orbit in the Ptolemaic scheme.
The early modern development of celestial physics was accompanied by the Protestant-like rejection of hierarchical powers and the assertion of absolute cosmic government. George Rheticus (1514-74) of Wittenberg, in the first printed account of the new heliocentric theory (1540), tells the reader that Copernicus assigns an autonomous motion to each planet, which 'completes its period without being forced into an inequality by the power of a higher sphere'.36 Three years later, Copernicus eulogized the Sun as 'the visible God', which, 'as if seated on a royal throne governs his household of Stars as they circle round him'.37 Tycho Brahe employed the same Sun-king analogy.38
William Gilbert (1544 Gilbert ( -1603 of Colchester, in his pioneer study of magnetism (1600), took the Sun to be paramount in the world system, with the Earth equivalent in status and nature to the planets. In his critique of the hierarchical geostatic system, Gilbert made a theological connection: 'The higher do not tyranise over the lower, for the heaven of both the philosopher and the divine must be gentle '.39 Kepler extended Gilbert's magnetic mechanism for the daily rotation of the Earth to the orbital motion of the planets, supposing the Sun to be a spinning magnetic monopole, radiating magnetic effluvia which sweep the planets round their courses. Kepler, too, made a theological connection, supposing that the Sun might well provide a fit residence for the Deity. 'The Sun .., alone appears by his dignity and power,... worthy to become the home of God himself; and he added a political metaphor:
For if the Germans elect him as Caesar who has the most power in the whole empire, who would hesitate to confer the votes of the celestial motions on him who already has been administering all other movements and changes by the benefit of the light which is entirely in his possession?40
NEW IMAGERIES
From an examination of archaic inscriptions, the Greek historian Euhemerus (fl. B.C.300) came to the conclusion that the gods of popular worship were originally earthly heroes or conquerors who had been raised to a place in the heavens by the adulation of their subjects.41 The euhemeristic thesis, exempli fied by the deification of the Roman emperors, was taken up by the Church Fathers in their discussion of pagan religions. The tradition lived on throughout the middle ages, ensuring the survival of the pagan gods as the exalted heroes and heroines of antiquity, who stood as representations of the heavenly bodies, with an intricate network of terrestrial associations.42 The Sun and the solar deity of antiquity, Apollo, attained an enhanced allegorical significance during the scientific revolution. The personal seal of Copernicus depicts a Greek god with a lyre, taken to represent Apollo, or possibly Herakles, the legendary inventor of astronomy, who brought order and harmony out of chaos.43 Tycho Brahe took Apollo amidst the Muses to represent the Sun ruling his planetary family. During the 16th century, the primum mobile of the celestial spheres served as the main image of primacy in political and religious writings. Elizabeth I was described as the primum mobile of England by John Norden,44 and she was so depicted as the mover of the nine civil spheres in 1558 by John Case.45 But after her physician, William Gilbert, had dismissed the primum mobile as a foolish fiction, the metaphor was replaced by the solar image. William Harvey (1578-1657) dedicated his book on the circulation of the blood (1628) to Charles I as 'the sun of the world around him, the heart of the republic, the fountain whence all power, all grace doth flow'. 46 The Aristotelian notion that the heart rules over the animal body had long served as a metaphor for kingly rule over the body politic. But, already in his 1616 Lumleian lectures, Harvey had been 'astonished' that Aristotle, following the law of triads,12 supposed that the heart contained three ventricles.47 By 1651 Harvey, in his D e g e n e r a t i o n e ,had down-graded the heart to give the blood primacy of place: 'neither can I agree with Aristotle, who maintains that the heart is the first engendered;... the blood is the generative part, the fountain of life, the first to live, the last to die, and the primary seat of the soul'.48 His admirer, the physician Pierre Vatier (1623-70), followed Harvey in his book entitled Le coeur d e t h r o n e , 49 published in 1660. The Sun too was ultimately dethroned, to become the Hades of a Copernican theology. Heaven had been readily accommodated as the 'Habitacle of the Elect' in the infinite regions of stellar space beyond the sphere of Saturn, depicted in the first English illustration of the Copernican system by Thomas Digges in 1576.50 Hell was a particular preoccupation of the Jesuits.51 Lessius reduced previous Jesuit estimates of the volume of Hell by the surmise of a close-packing of the reprobate, one above the other, leading John Wilkins to observe in 1638; 'and by the strangeness of the conjecture, you may guess that he had rather be absurd, than seem either uncharitable or ignorant'. 52 The problems of space, and of numbers -some 1011 according to the estimate of the Jesuit Jeremiah Drexel in 1641 -could be solved, it appeared to Tobias Swinden (ca. 1660 Swinden (ca. -1719 , if Hell were located in the Sun. Swinden was a clergyman in the diocese of Rochester when Thomas Sprat was bishop and, possibly through Sprat, he became acquainted with the chemistry of John Mayow (1641-79) , another student of John Wilkins at Wadham College in the 1650s. Mayow had come to the view, from experiments with nitre, that the atmosphere contains nitrous particles, which support combustion until they are all consumed.53 Swinden argued that Hell cannot be located within the Earth, where nitrous Particles are lacking. Only the hot and fiery Sun is large enough to encompass Drexel's number of reprobates, and the sunspots are the evident entrances to the solar Tartarus.54 In the realm of le roi soleil Swinden's book was particularly popular: the French translation was reprinted no less than four times between 1728 and 1757. By Swinden's time the doctrine of the eternal punishment of the reprobate was largely forsaken by educated Protestant opinion, in private if not in public. Isaac Newton and John Locke accepted neither the doctrine of the Trinity nor the notion of Hell, but remained silent on these matters publicly. Locke's patron, the third earl of Shaftesbury, was reprimanded by Bishop Berkeley for the publication of his disbelief, as subversive of social discipline.55
C o n c l u s i o n
Early modern science developed from mediaeval natural philosophies sub ordinate to theology, and from collections of technical recipes concerned primarily with practical ends. Copernicus integrated the technical recipes of Ptolemy, purged of procedural imperfections, with minority hypotheses in physical cosmology going back to antiquity, and attempted to bypass the disciplinary hegemony of theology by submitting his unified mathematicalphysical system to the judgement of those skilled in mathematics and astron omy.
The minority hypotheses included the beginnings of the transfer of celestial government from the hierarchies of angelic intermediaries to the monarchy of the Sun. The solar kingship image, buttressed by Copernicus with references to the Sun as the visible God and ruler of the Universe, was taken up by the Copernicans and Tychonians alike, culminating with Kepler's vision of the Sun as the elected emperor of the heavenly bodies, worthy of Divine residence. The development of the Sun-God-Emperor image was wholly extraneous to Copernicanism as a scientific theory, and it parallelled the evolution of Prot estant concepts of Divine power in northern Europe during the early modern period. The early Protestant God was an inscrutable absolute ruler of the Universe, who became transformed into the law-giving and law-abiding Creator-Legislator of the covenant theologians. Over the same period, the Copernican monarch of the solar system was made law-abiding by Kepler.
The divine kingship of the Sun persisted only among Protestant sectarians, and elsewhere as an allegory of worldly monarchy. Prominent in the 1640s, the Mortalists associated the doctrine that 'the soul is the blood' (so that the soul slept after death until the end of the world), with the view that Christ ascended to the Sun, which represents God's 'shadow or his backe-parts' (Exodus, XXXIII, 23), on the authority of Copernicus and Tycho Brahe.56 More generally, the Deity became delocalized and progressively remote from the detailed running of the Universe. The Independent theologian, Thomas Goodwin (1600-80), intruded by Parliament into Oxford as president of Magdalen College in the 1650s, deplored the trend: 'Men do with God as the Venetians do with their duke'. 57 The Restoration poet, John Oldham (1653-83) , wrote that men Make God at best an idle looker-on, 58 A lazy monarch lolling on his throne.
The virtuosi of the early Royal Society, for the most part, retained a perception of divine voluntarism, and rejected the vision of Leibniz that the Divine watchmaker, by an exquisitely skilled construction, had created an array of autonomous watch-like entities marking synchronous time, without external adjustment or mutual reference. Leibniz considered the postulated interven tion of the Divine engineer, to correct the mutual perturbations among the planets, to be an imperfection of the Newtonian system.
Newton's compelling gravitational mechanism assured a steady state for the law-governed solar system over the 6000 years since the Creation, but the future stability of the system remained uncertain, and prophetic Biblical sources indicated the world's end during the 21st century. For Newton, 'all our notions of God are taken from the ways of mankind by a certain similitude';60 and he lived in uncertain times. Constitutional parliamentary government, not long established, had been threatened by the absolutist aspirations of the catholic James II, frustrated in 1688, but the parallel aspirations of Louis XIV had triumphed in France, menacing Protestant constitutionalism elsewhere.
Newton's short time-scale for the history of the world, and its supernatural beginning and end, left no place for mechanistic cosmogenesis. Newton is reported to have ascribed the orbiting of the known planets and their satellites in the same sense and almost the same plane to 'Omnipotence & wise Coun sel'. The Cartesian cosmogenic vortex already accommodated the coplanarity and common direction of the planetary orbits, and it was but a short step to a Newtonian equivalent, the solar nebula hypothesis of Immanuel Kant (1755), developed by Pierre Laplace (1796). The step was never taken by Newton or his immediate British successors.
Like Newton in the Commons, Wilkins in the Lords actively promoted the Protestant Succession.62 The ways of mankind in Wilkins's formative years, although more turbulent, were the more optimistic, and like Leibniz he con sidered that any divine cosmic engineering was a superfluous imperfection:
The most sagacious Man is not able to find out any blot or error in this great Volume of the World, as if anything in it had been an imperfect Essay at the first, such as afterwards stood in need of mending: But all things continue as they were from the beginning o f the Creation.63, 
